It has been shown that compression of the median nerve at the wrist slows both motor (Simpson, 1956; Thomas, 1960) and sensory (Gilliatt and Sears, 1958) conduction times.
Method Three groups, each of fifteen patients, with classical or definite rheumatoid arthritis according to the criteria of the American Rheumatism Association (Ropes, Bennett, Cobb, Jacox, and Jessar, 1958) , but all having positive tests for rheumatoid serum factor, were selected at random as they attended the Departments of Physical Medicine and Rheumatology at The London Hospital. The first group had had symptoms of their disease for less than 2 years, the second group for between 2 and 10 years, and the third group for over 10 years. Of the 45 patients, 29 were women and 16 men. Twenty control subjects matched for age and sex were chosen at random from patients attending for non-inflammatory arthritic conditions which did not affect the neck or upper limbs. All patients were invited to take part in electrodiagnostic studies before any clinical symptoms or signs suggestive of the carpal tunnel syndrome were elicited.
At the Electrodiagnostic Clinic, the following routine was adopted:
(1) The patient was questioned about symptoms suggestive of the CTS/or of neuropathy in other distributions.
(2) The patient was examined for any neurological deficit in the hands, and the clinical state of the wrist joints was recorded.
(3) The following electrodiagnostic studies were performed, using a GHS type VI electromyograph in a warm well-ventilated room (by one of the authors-C.G.B.) (a) Electromyography of the abductor pollicis brevis muscles, using a bi-polar co-axial needle with both visual and auditory recording.
(i) A search was made for fibrillation sampling in at least eight areas in each muscle.
(ii) The volitional (maximal) activity was elicited. 226 (b) Measurement of median nerve motor latencies and conduction velocity in the forearm (Fig. 1) .
The recording electrode (R) was a co-axial needle in the abductor pollicis brevis muscle and the stimulus was given through a pad electrode of 2 cm. diameter placed 1-2 cm. above the distal wrist crease (Si) with a remote plate electrode (8 x 5-5 cm.) covered in saline-damped lint on the dorsum of the forearm (P). The stimulus was given x I or x 2 per second and was of a fixed duration (square wave) of 0-3 msec. The intensity was a continuous variable up to 200 volts. The threshold stimulus to produce a response in the abductor pollicis brevis was then obtained and the intensity of the stimulus then increased to supramaximal levels. The latencytaken as the interval between the stimulus and the beginning of the action potential-was measured from the face of the oscilloscope which was calibrated in centimetres and a variable time base speed of 1, 5, and 10 msec./cm. being available. Direct measurement from the face of the oscillograph was shown to give results identical to those obtained from a photograph of the tracing (Fig. 3) . The zero point of each sweep triggered the stimulus. This was then repeated with the stimulating electrode being placed over the median nerve in the ante-cubital fossa just medial to the biceps tendon (S2). The distance between the two points of stimulation was measured and the conduction velocity of the median nerve in the forearm thus calculated.
(c) Measurement of ulnar nerve motor latencies (in 26 out of the 45 patients): using the same technique, latencies from the wrist and the elbow to the abductor digiti minimi muscles were measured and the ulnar nerve conduction velocities in the forearm calculated.
(d) Measurement of median nerve sensory latencies and amplitudes (Fig. 2) . The method described by Dawson (1956) tion. The stimulating electrodes were a pair of lintcovered metal strips placed around the index finger, the cathode (C) being placed as close as possible to the metacarpophalangeal joint, and the anode (A) just distal to the terminal interphalangeal joint. An isolating earth plate electrode (E) was placed on the dorsum of the hand using Cambridge electrode jelly. The recording electrodes (R) were a pair of lint-covered metal studs (15 x 8 mm.) mounted 1 -5 cm. apart in Perspex and placed over the median nerve (after skin abrasion) the distal electrode being approximately 2 cm. above the distal wrist crease. Stimuli of constant (0-3 msec.) duration and of variable intensity up to 30-100 volts were given at a frequency of 1 per second. The resultant action potential was measured directly from the oscilloscope screen-the latency being measured on the calibrated time base from the stimulus to the peak of the impulse (again direct measurement from the oscillograph was shown to be identical to measurement obtained from a photographic record), and the amplitude being measured directly (from peak to peak) from the vertical centimetre calibration on the oscilloscope screen using a gain of 10 microvolts/cm. deflection.
Results
The normal values for the median nerve motor latency between the wrist and the abductor pollicis brevis muscle have been assessed on several occasions (Simpson, 1956; Thomas, 1960; Campbell, 1962; Preswick, 1963; Moritz, 1964) . In this investigation, a motor latency greater than 5 msec. was regarded as abnormal. Similarly sensory latencies and amplitudes in the median nerve at the wrist after stimulation of the index finger have been measured. Gilliatt and Sears (1958) showed that in normal subjects the upper limit of the latency is 4 msec. and the lower limit of the amplitude is 9 microvoltsfigures outside these limits have, therefore, been regarded as abnormal in the present investigations.
(1) Control Subjects
In this group one patient had a motor latency (wrist to abductor pollicis brevis) in one median nerve of 6 msec., without abnormal clinical symptoms or signs and with normal sensory conduction (Fig. 3) Tables I, II, and III (opposite). There was no statistically significant difference in the incidence of electrical abnormalities between the three groups of patients with rheumatoid arthritis diagnosed by electrodiagnostic techniques as having a carpal tunnel syndrome (0-2 > P> 0 -1 by X2 test). Therefore, in the following discussion patients with rheumatoid arthritis are considered as a single group. The range of motor latencies (wrist to abductor pollicis brevis muscle) in the median nerve was 3-0 to 9 0 msec. (mean 4-5 msec.; S.D. 0 8 msec.). (Fig. 4. ). This range is not significantly different when compared with the control group (0*4<P<0*5 by "t" test). However, as shown in Fig. 4 , the motor latencies at the wrist in the control group (with a single exception) did not exceed 5 msec., whereas in the rheumatoid arthritics values over 5 msec., were obtained. Moritz (1954) , however, studying motor nerve conduction in rheumatoid arthritis, discovered only two patients in his series of 32 with objective clinical findings suggestive of the CTS and only one with a slightly delayed median nerve latency (wrist to abductor pollicis brevis muscle). The present figures indicate a far higher incidence of the CTS in rheumatoid arthritic patients. The reason for this discrepancy is not clear.
As has been pointed out previously (Goodman and Gilliatt, 1961) , by measuring the motor latency from the point of stimulation to the earliest deflection, the conduction of the fastest and, therefore, least affected fibres are being measured. It is thus possible that mild cases of median nerve compression at the wrist are being missed by this electrodiagnostic technique. This probably accounts for the fact that, in surveys of patients with clinical carpal tunnel syndromes, electrodiagnostic studies have not produced abnormal findings in all the patients. Thomas (1960) found that only sixty of ninety patients with a clinical carpal tunnel syndrome had motor nerve delay at the wrist, and Goodman and Gilliatt (1961) found that 29 of their 33 patients had abnormal sensory conductions. Since the present investigation has revealed that 49 per cent. of these rheumatoid patients had electrical signs of the CTS (including 33-3 per cent. with clinical evidence of this syndrome), and a further 20 per cent. had suggestive clinical symptoms and signs but with normal electrodiagnostic findings (a total of 69 per cent. of the patients), we must consider that the CTS is very frequently associated with rheumatoid arthritis. Secondly, 31 per cent. of the patients had bilateral median nerve involvement at the wrist. Thirdly, since 15 5 per cent. of these patients with the CTS were diagnosed on electrodiagnostic testing alone, this raises the question whether routine testing by nerve conduction studies should be carried out.
Weakness and/or wasting of the abductor pollicis brevis muscles alone in rheumatoid arthritis, does not add to the diagnosis of carpal tunnel syndrome, as this muscle may waste together with the other small muscles of the hand. This view is supported, in this series, since 20 per cent. of the patients showed weakness and/or wasting of the abductor pollicis brevis muscles, but had no symptoms, signs, or abnormal electrical findings suggestive of median nerve compression. Thomas (1960) demonstrated that, in patients with the CTS, the median nerve motor conduction velocity in the forearm may be slightly delayed. Four cases of the CTS (three based on clinical symptoms and signs alone, and one diagnosed both clinically and by electrodiagnostic tests) in this series also had mild slowing in the forearm (37, 40, 42, and 44 M/sec.), as did two others without objective signs of the CTS (44 and 43 M/sec.). The median nerve motor velocity in the forearm in the group of rheumatoid arthritics was significantly slower than that in the control group (P < 0 001 by "t" test). The reason for this slowing of conduction proximal to a peripheral nerve lesion is well recognized but of unknown cause.
Tension within the flexor compartment at the wrist (Ficat and Arlet, 1956; Arlet, Ficat, and Malbosc, 1966 ) is clearly not the only cause of median nerve lesions in rheumatoid arthritis, and it is not possible in every case to exclude a localized rheumatoid neuropathy. A complete electrodiagnostic survey in every patient was not practicable, but the absence of signs or symptoms of "mononeuritis multiplex", and the normal motor conduction velocities in those ulnar nerves tested, make it unlikely that these abnormalities were part of a polyneuropathy.
The fact that the electrical abnormalities were so common, and often only slightly outside the limits adopted as normal, raises the question whether the normal limits used were too stringent. The sharp difference between the rheumatoid patients and the control group statistically makes this unlikely, and one must conclude that conduction defects in the median nerve at the wrist, although often slight, are very common in rheumatoid arthritis. Re-examination of these patients after an interval will be necessary to determine whether the condition is fixed or changing. The present data, however, show that the abnormality occurs at all stages of the disease, and that, clinically, gross wrist joint changes are not a predisposing cause.
The important question to be answered is whether minor electrical changes indicate a functionally significant lesion needing treatment. Function in the rheumatoid hand is achieved by compensating for anatomical, mechanical and inflammatory changes. This delicately balanced state is obviously particularly vulnerable to a superimposed, neurological deficit, whether sensory, motor, or mixed. It is for this reason that surgical relief of well-established CTS is perhaps the most rewarding operation 231 group.bmj.com on May 28, 2017 -Published by http://ard.bmj.com/ Downloaded from ANNALS OF THE RHEUMATIC DISEASES to be performed on the rheumatoid hand. What of the minor changes which this survey show to be so common-do they justify any form of treatment or routine screening of patients?
The answers may be provided by careful study of selected patients in whom detailed functional assessments are performed before and after surgical or other forms of treatment for median nerve compression. Meanwhile, for those caring for rheumatoid patients, this study underlines the constant obligation to search for this eminently treatable condition. 
